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FRDC Fina Report Port Curtis Mud Crab Shell Disease

PROJECT #98/210
Port Curtismud crab (Scylla serrata) shell disease; nature, distribution
and management.

Principal Investigator: Leonie Andersen

Address: Centre for Environmental Management
Central Queensland University
P.O. Box 1319
GLADSTONE QLD 4680

Telephone: 07 4970 7315 Fax: 07 4970 7207

Objectives:

1. Define the histologic stages of the lesion by developing a sequence of pathological

events (includes pathology tests).

Define the epidemiol ogy

Define the prevalence and distribution of the disease in each age group in Port

Curtis. Determine if the same disease occurs in other aress.

b) Determine if affected crabs are able to moult and therefore mate successfully by
experimentally observing different combinations of diseased male/female crabs.
Determine if the crab can shed the ulcerations during a moult. Is there a healing
stage?

3. Crossinfection: if an infectious agent is isolated/identified, determine its ability to
cross infect other species of crustaceans.

4. Depending on the cause/s isolated/identified, work out a management strategy to

lessen the effects of rust spot shell disease.

Investigate metal burdens of mud crabs from Gladstone compared to other areas.

Through the use of copper exposure trias, investigate exposure to metals (in

particular copper) as a possible cause of rust spot lesions.

&N

o 0

Non Technical Summary:

Outcomes Achieved:

The project outcome that rust spot shell disease in Port Curtis is not infectious has
alayed the concerns of commercia and recreational fishing sectors as well asthe
aquaculture industry, as to the potential impact a contagious disease could have had
on these industries. As the project determined that marketability was not affected by
gross shell ulcerations, community confidence in the local mud crab fishery has been
restored. Although elevated metal concentrations in mud crab tissues are a concern,
consumers have been assured that consumption does not pose a potential health risk.

The elevated metal concentrations have, however, rased community awareness of
ecosystem health issues, which can occur where there is an interface of urbanisation
and fishing habitats. The Queensland Seafood Industry Association has welcomed the
release of the results as they highlight the need to maintain a heathy marine
environment. The project finding that mud crabs could be “stressed” has alerted
managers and relevant agencies to examine current environmental performance
indicators. The project has also created extensive knowledge of the epidemiology of
shell disease and mud crab biology as awhole.
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Commercial fisherman first noticed rust spot shell lesions in the Portunid mud crab
(Scylla serrata - Forskal) in Gladstone Harbour, Port Curtis Queendand in 1994. The
irregular shaped orange coloured lesions commonly called “rust spots’ were located
on the dorsal shell of the mud crab and had the appearance of cooked crab shell. In
advanced cases lesions perforated to form an ulcer, often exposing internal organs.
Concerns were raised not only for the potential impact on mud crab marketability, but
the possibility that the shell lesions could spread to other crustaceans, in particular the
lucrative prawn aguaculture industry. In order to define the disease syndrome, a
number of possible causative or contributing factors were examined in the course of
the disease investigation. These included infectious/nortinfectious causes,
environmental factors and contaminant loads.

Over 3000 mud crabs from a number of locations in Queensland (Port Curtis, Ayr,
Jacobs Well and Fitzroy River) have beenexamined for the presence of rust spot shell
lesions between 1998 and 2001. The total prevalence of shell lesions in Port Curtis
was lower in the 1998/99 sampling (18.3%) compared to that in 2001 (10.2%).
Indications from archived crab shells suggest that the prevalence of lesions was much
higher when the syndrome was first recorded around 1995. Future samplings should
be continued, however, to establish if the decreasing trend continues. There was no
significant difference in the prevalence in Port Curtis compared to Fitzroy River,
which is possibly due to intermixing of crabs from these two locations. Although
lesions occur in mud crabs from Jacobs Well (Moreton Bay) and Ayr, the prevalence
is low (from 0-5.6%) compared to Port Curtis. None of the juvenile mud crabs
examined from Port Curtis had shell lesions.

A lesion grading system was designed to assist in accurately documenting the area of
the shell affected and the severity of lesions. Although femaes had a higher
prevalence of shell lesions than males in Port Curtis in the 1998/99 sampling, lesions
occurred in equal frequencies in both sexes in the 1999/00 sampling. Females did,
however, have a higher frequency of larger non-perforated lesions than males. There
was also a gender difference in the area of the carapace to which lesions were
distributed, which may be related to reproduction and spawning in adult females. A
majority of affected crabs had two lesions, which were bilaterally symmetrically
located on the carapace in over 50% of cases. Less than 10 % of all lesions examined
were perforated or ulcerated. As less than 1% of the crabs marketed or consumed
from Port Curtis have perforated lesions, it is unlikely that marketability has been
affected by the presence of the rust spot syndrome.

Over 60 mud crabs with rust spot lesions were chosen for histopathological
examination and the results compared to a reference group of 30 nondiseased mud
crabs. There was no evidence of an infectious or parasitic agent being associated with
any internal organ or with the carapace lesions. The pathology of the rust spot lesions
is restricted to the endocuticle layer (internal shell layer) and adjacent muscle
attachment. As this layer is formed after the crab has moulted, it appears that the
lesions are caused by a defect in the manufacturing of this layer, while the crab is in
the process of calcifying its shell. This pathology contrasts with previously reported
pathology of shell diseases in other crustaceans. Here the pathology is an externa
erosion of the shell, which may be caused by pathogenic organisms, with unsuitable
environmental conditions being a contributing factor.
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Cross infection trials were conducted in an attempt to transmit rust spot shell disease
to other mud crabs, sand crabs and prawns. In water transmission trials, adult and
juvenile mud crabs were exposed to Gladstone Harbour water. In inoculation trials,
processed tissue from diseased mud crabs was injected into juvenile mud crabs, sand
crabs and prawns. None of the treatment groups developed rust spot lesions and after
subsequent pathology, no significant lesions were seen in any of the tissues examined.
It appears that rust spot lesions do not contain a virus or virus-like organism capable
of transmitting the disease to other mud crabs a crustaceans. It is probable that the
cause of rust spot shell lesions is non-infectious and possibly environmental.

A number of diseased mud crabs both adult and juvenile was observed through a
moulting period in order to determine if lesions could be shed with the old shell when
the crab moulted. Old lesions were shed with the old exuviae (shell) and a healed
form of the lesion remained in some cases. New lesions were aso seen to form in the
post moult phase (during production of the new endocuticle) and would most likely
remain until the next moult. Although diseased mud crabs even with severe lesions
are able to moult successfully and repair shell lesions, in some cases where lesions are
extensive, however, they may contribute to the cause of moult death syndrome.

Metal analyses of 220 mud crab tissues were undertaken in 1999 and 2000. Metal
concentrations, in particular copper and zinc, were elevated in Gladstone (and Fitzroy
River) mud crab hepatopancreas (liver), compared to areference site (Ayr). There was
no significant difference in metal concentrations between the diseased and non
diseased group of mud crabs from Gladstone. The inability to establish differences,
however, could be confounded due to the difficulty in assigning a crab to either of
these groups being qualitative (the presence of a lesion) rather than quantitative.
Concentrations of copper in Gladstone mud crab hepatopancreas were also up to three
times higher than concentrations in the hepatopancreas of mud crabs from other
locations sampled in Queensand. Meta burdens in Gladstone mud crab
hepatopancreas were aso elevated compared to Ayr. A high variation in meta
concentrations in the Gladstone diseased group of crabs compared to al other groups
suggests that these crabs are unable to regulate their metal concentrations and this
could indicate some level of stress in this group. Concentrations of al metals in
muscle tissue were below those metal concentrations recommended by the Australia
New Zedand Food Standards Code (2000) for the consumption of crustacea. This
code is continually under review and therefore metal concentrations in mud crab
tissues should continue to be monitored. However, in terms of metal concentrations
mud crab meat from Gladstone crabs can be considered suitable for consumption.

Through the use of copper exposure trials in which juvenile mud crabs were exposed
to sublethal levels of copper, we explored the hypothesis that copper exposure inhibits
calcium uptake into the post moult crab shell and could therefore be implicated in the
development of rust spot shell lesions. The trial confirmed that calcium uptake into
the carapace (shell) of soft-shelled crabs (72 hours post moult) was inhibited by
sublethal copper exposure. There was a significant negative relationship between
increasing copper concentrations in the hepatopancreas and declining calcium
concentrations in the carapace. Several metals including copper have been shown to
cause interference with calcium uptake in crustaceans. It is therefore corceivable that
exposure to copper, perhaps in combination with other metals/contaminants could be
implicated in the cause of rust spot lesions.

Xi
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Results of crab blood tests in which two immune parameters and one cellular enzyme
were measured, suggest that Gadstone crabs have been stimulated to produce higher
levels of these immune/cellular factors compared to the Ayr crabs. This could further
indicate a higher level of stress in Gladstone crabs compared to those from Ayr.
Exposure to pathogens, contaminants and stress are known to effect production of
immune factors in aquatic organisms. Although immune factors/cellular enzymes in
the female diseased group of crabs from Gladstone were elevated compared to the
female crabs from Ayr, they were significantly lower than levels in the non-diseased
female crabs from Gladstone. This suggests that production of immune
factors/cellular enzymes in this diseased group may have been suppressed or the
factors have been destroyed at a faster rate than normal.

Stepwise multiple regressions were used to investigate whether any relationships
existed between measures of blood immune/cellular responses and hepatopancreas
metal concentrations in Ayr and Gladstone crabs. Results suggest that there is a
statistical relationship between the metal concentrations and immune/cellular
responses. There were fewer, weaker relationships identified in the Ayr crabs in
comparison to the Gladstone groups, although at times relationships in the Gladstone
crabs were inhibitory rather than stimulatory (i.e. indicating exposure to a metal
causing inhibition rather than stimulation of a blood parameter). Although the
regressions do not prove cause and effect they do, however, provide proof of a
relationship, whereby blood parameters can change as a function of a change in metal
accumulations in Gladstone mud crab tissues.

The results of metal analyses of water and sediments from the permanent burrows of
Gladstone mud crabs, indicate that fairly low concentrations of metals exist in the
burrows and therefore these sites are unlikely to be a source of elevated metals in
Gladstone mud crabs. A pilot study using stable isotopes of carbon and nitrogen as an
aternative to gut content analyses was used to determine if differences existed in the
diets of Gladstone crabs compared to Ayr crabs which, might explain the contrasting
tissue metal results between the two sites. The results although preliminary, suggest
that the Gladstone crabs may be consuming something in their diet, which is enriched
in copper but is not available in the Ayr mud crab diet.

Our findings have raised questions as to the comparative “health” of Gladstone crabs
compared to Ayr and hence the quality of the ecological environment of Port Curtis.
As the cause of mud crab rust spot shell lesions appears to be a local environmental
one, the source of elevated metal concentrations especially copper and zinc, needs to
be investigated further. The impact of elevated metal burdens and stimulated immune
responses and cellular enzymes on individual mud crabs is not known. The Centre for
Environmental Management (CQU) is conducting two small research projects to
determine metal concentrations in other biota in Port Curtis which may be part of the
mud crab diet. There is, however, an urgent need for research to go beyond the food
sources of the mud crab, to the origin of the contamination of those organisms eg.
urban, industrial or agricultural.

Our recommendations are:
1. Toestablishif elevated metal concentrations exist in other biotain Port Curtis.
2. Determine the source of elevated metal concentrations.
3. Reduce the flow of metals into Port Curtis from all sources by reviewing the
current point and area sources of discharge.

Xii
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4. Continue to monitor crab health in terms of the prevalence of rust spot shell

lesions and metal burdens, ensuring metal levels remain within recommended
levels.

Further research into the ecosystem heath of Port Curtis will determine what
management strategies are required to address this issue.

Xiii
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CHAPTER 1. General Introduction

1.1 BACKGROUND

Commercia fishermen first noticed rust spot shell lesions in the Portunid mud crab
(Scylla serrata — Forskal) in Gladstone Harbour, Port Curtis Queensland in 1994
(Figure 3.4). Gladstone is an industrial city adjacent to a deep harbour (Port Curtis),
an international trades port, which also supports a large commercial and recreational
fishing industry (QDEH 1994). This previousy unreported shell disease had the
potential therefore to damage the lucrative Queensland mud crab market worth
approximately AUS $7 million per year (Williams 2000). The irregular shaped
cuticular lesions commonly called “rust spots’ are confined mainly to the dorsal
carapace and appeared initially as well circumscribed orange-coloured areas, similar
to that of cooked crab shell (figure 1.1). In advanced cases, affected areas of the
cuticle would deteriorate to form an ulceration often exposing internal organs (figure
6.7). Without an intact carapace the mud crab is exposed to invasion by pathogenic
microorganisms, which could cause bacterial septicaemia and eventual desth.

Figure 1.1. Female adult mud crab with a number of non-perforated carapace rust spots, one of which
iscircled.

Shell disease has been reported in many crustaceans of economic importance
(Sindermann 1989a), in association with a variety of environmental conditions (Noga
1991). The pathogenesis of shell disease is thought to be multifactorial and strongly
influenced by mechanical damage to the cuticle, degradative activities of invading
bacteria (Cook and Lofton 1973, Baross et al. 1978, Malloy 1978) and fungi
(Alderman 1981) and external factors including water and soil contaminants, low
dissolved oxygen and high nutrient loads (Y oung and Pearce 1975, Engel and Noga
1989, Sindermann 1989b). Bacterial shell disease is common in impounded
crustaceans and is thought to be facilitated by environmental stressors, such as
overcrowding and poor water quality (Prince et al 1993).
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The initial prevalence of rust spot shell disease as reported by commercia fisherman
at that time (1994/1995), was estimated to be around 10% although the exact extent of
the disease was not known. Concerns were raised not only for the health of the crab in
terms of morbidity and mortality, but also because of the effect of unsightly, gross
ulcerations on marketability. Adhesions formed under ulcerations could aso inhibit
moulting of the old shell and therefore reproduction and growth. These latter
complications would have detrimental impacts on mud crab populations as a whole.
Deleterious effects could also extend to the recreational sector due to the public’s
perception that the mud crabs were not “safe” to eat.

A pilot investigation into the disease was instigated in 1996 by the Department of
Environment through their scientific assessment branch in Brisbane. This
investigation was aided by limited funding but generous support from the loca
community and industry. Although a range of toxicological tests were undertaken on
both mud crabs and sediments, the results were inconclusive. One of the main
concerns was that the cause of the disease was infectious and its introduction to the
area may have been via ballast water. If the pathogen was an infectious agent, there
was the possibility of cross infection to other crustacean species, in particular the
important prawn agquaculture industry.

1.2 NEED

An outbreak of a previously unrecorded shell disease in this important Queensland
icon was of concern not only to the Gladstone community but also, to the fishing
industry as a whole. Questions were raised about the possible introduction of a new
disease and also the eco-health status of the harbour in this rapidly growing industrial
city. To determine the magnitude of the outbreak, the prevalence and geographical
extent of the disease needed to be established and documented. Therefore by
monitoring the prevalence of the disease in Gladstone and other areas, predictions
could be made about its likely spread. The stages of the life cycle (juveniles or adults)
that were susceptible to contracting lesions would also have an impact on future
management strategies.

A grading system was required in order to systematically and consistently document
lesons. The extent and severity of lesons would evaluate the exact effect lesions
would have on marketability. By defining the histology of progressive stages of
lesions, a sequence of pathological events could be established and the cause/s if
pathogenic, identified. Necropsy and pathology of both diseased and non-diseased
crabs would help determine if the syndrome was infectious or nortinfectious and if
the disease had effects on other organs or systems other than the shell.

Through transmission trials the infectivity and virulence of a potential pathogen could
be established, thereby determining the morbidity and mortality of the disease under
controlled conditions. By involving other speciesin transmission trials the potential of
an infectious agent to cross infect other crustaceans could be established. This aspect
was important not only for commercially significant species but also for other
crustaceans, which are keystone species in mangrove communities.

Trials involving diseased moulting crabs would determine if adhesions formed by
lesiors could prevent the crab from shedding its shell at successive moults. As
crustaceans must shed their shell in order to grow, the inhibition of the moulting
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process could have a large impact on stocks. Mating also only occurs when the female
mud crab is in the post moult, soft shell form, immediately after shedding her shell.
Therefore interference with mating could lead to reduced spawning.

As the trophic position of mud crabs is relatively high in the food chain, the
bioaccumulation of contaminants required consideration. As shell disease in other
crustaceans had been previously linked to polluted environments, the contaminant
loads of Gladstone mud crabs required taking into account.

The introduction of management strategies to combat rust spot syndrome can only be
made once the aetiology and epidemiology of the disease have been established. The
part that secondary factors, particularly environmental, play in the progression and
spread of the syndrome needed to be determined. Once the extent of rust spots shell
lesions had been developed a management plan to reduce the negative impact on both
wild and cultured crustaceans, could be implemented.

1.3 OBJECTIVES
The original objectives of the project were to:

1. Define the histologica stages of the leson by developing a sequence of
pathological events and isolate the cause/s.

2. Define the epidemiology
a) Define the prevalence and distribution of the disease in each age group in Port
Curtis. Determine if the same disease occurs in other areas.
b) Determine morbidity/mortality rates in selected age groups by controlled
experiments. Determine if there is any affect on growth.
c) Determine if affected crabs are able to moult and therefore mate successfully
by experimentally observing different combinations of diseased male/female
crabs. Determine if the crab can shed the ulcerations during a moult. Is there a
healing stage?

3. Cross infection:
If an infectious agent is isolated/identified, determine its ability to cross infect
other species of crustaceans

4. Depending on the cause/s isolated/identified, work out a management strategy to
lessen the effects of rust spot shell disease.

1.4 REVISED OBJECTIVES

During the course of the research and from the results that were obtained from the
transmission trials, it became apparent thet the cause of the disease appeared to be
nontinfectious and probably environmental. Therefore some objectives were altered
and more objectives added to accommodate the changes in the direction of the
research.

1. Define the histologic stages of the lesion by developing a sequence of pathological
events (includes pathology tests).
2. Define the epidemiology
a) Define the prevalence and distribution of the disease in each age group in Port
Curtis. Determine if the same disease occurs in other areas.



FRDC Fina Report Port Curtis Mud Crab Shell Disease

b) Determine if affected crabs are able to moult and therefore mate successfully
by experimentally observing different combinations of diseased male/female
crabs. Determine if the crab can shed the ulcerations, during a moult. Is there a
healing stage?
3. Crossinfection
If an infectious agent is isolated/identified, determine its ability to cross infect
other species of crustaceans.
4. Depending on the cause/s isolated/identified, work out a management strategy to
lessen the effects of rust spot shell disease.
5. Investigate metal burdens of mud crabs from Gladstone compared to other areas.
6. Through the use of copper exposure trials investigate exposure to metals (in
particular copper) as a possible cause of rust spot lesions.
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CHAPTER 2. A Disease Investigation

2.1 INTRODUCTION

When presented with an investigation of an animal disease, the focal point of that
investigation is to make a diagnosis. ‘Disease’ can be defined as ‘inability to perform
physiological functions at normal levels provided nutrition and other environmental
requirements are provided at adequate levels (Blood et al. 1983). The clinica
examination not only involves the affected animal/herd, but also includes a history
and the environment. Therefore the following elements were taken into account in the
differential diagnosis of rust spot shell disease and their potential association with the
syndrome, considered.

21.1 Case History

As shell disease was first noticed in Gladstone mud crabs in 1994, a search was made
into the history of Gladstone over the last 10 years as to whether any significant
changes had occurred in the area, which could be related to the outbreak of rust spot
shell disease.

Meteorology — Rainfall data received from the Bureau of Meteorology for the
Gladstone area show that there was a much lower rainfall in 1993-1995 (mean
approximately 596mm) compared to the preceding three years 1990-1992 (mean
approximately 987mm). If the onset of shell lesions was related to contaminants it is
possible that the lack of flushing of the environment due to significant rainfall events,
may have been a contributing factor. There have been no significant effects from
tropical cyclonesin the areain the last 10 years. Fluctuations in air temperatures have
also remained consistent over thistime.

Population — The population of Gladstone in 1994 was 25 781 and has increased
sowly at an average annual growth rate of 1.3% (ABS 2001). Therefore no major
growth explosions have been recorded in this time.

Industry — There are seven major industries in the Gladstone area and a number of
smaller industries, al of which have licences to discharge under the EPA. No new
major industries, however, have began production between 1990 and 2000.

21.2 I nfectious/non-infectious

The possibility that the disease syndrome was caused by an infectious agent was
foremost in our list of differential diagnosis. The results of the pathology of internal
organs and of transmission and inoculation trials are dealt with in Chapter 4 & 5
respectively.

213 Contaminants

A number of contaminants were considered as being potentially implicated in the
disease syndrome. Metal levels are discussed in Chapter 7.

Pesticides — Samples of Gladstone mud crab tissue analysed in 1996 for DDT,
Dieldrin and Heptachlor epoxide recorded fairly low levels compared to crabs from
other sites (Brisbane area and Maroochy River). Levels were also below ANZFA
(1999a) food code limits Mortimer (2000). As industry rather than agriculture forms
the key economic resource for the area, pesticides were not considered to be a maor
problem
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Dredging — The harbour is dredged by the Gladstone Port Authority and the dredge
spoils dumped at sea. Routine analyses of dredged sediments for trace elements,
organochlorine pesticides, polynuclear aromatic compounds, polychlorinated
biphenyls and organotin compounds have found that sediments from arbitrary
dredging blocks were uncontaminated (WBM 2000).

Ballast water — Gladstone is a large industrial port, which had an annual throughput
of approximately 23.9 million tonnes in 1992/1993 and has steadily increased to 42.8
million tonnes in 1998/99 (GPA 2000). Although ballast water is a possible source for
the introduction of marine pests, the Australian Quarantine and Inspection Service
introduced guidelines in 1990 aimed at minimising this risk. It is thought that about
80% of ships entering Australian water comply with these guidelines (QDEH 1994).
A recent survey of Port Curtis for introduced marine species detected the following
introduced species during the survey or collected in survey samples. the ascidians
Syela plicata and Botrylloides leachi; the bryozoans, Amathia distans, Bugula
neritina, Cryptosula pallasiana, Watersipora subtorquata, and Zoobotryon
verticillatum; the hydrozoan Obelia dichotoma and the isopod, Paracerceis sculpta. A
dinoflagellate Alexandrium sp. was aso detected in samples. This was definitely not
the target species A. tamarense, A. minutum or A. catenella, but is likely to be a non
toxic A. affine, which has been located elsewhere in Australia (Lewis et a 2001),
none of which have been associated with shell disease. The toxic dinoflagellate,
which is known to cause skin ulcersin fish (Noga et a 19964) was not identified.

Tributyltin (TBT) — TBT has been known to cause anomalies in shell calcification in
adult oysters (Alzieu 1998) and to also enhance the uptake of copper by a synergistic
relationship (Batley et al.1992). Sediments analysed for TBT in 1996 and 2000 by the
Gladstone Port Authority, however, were considered to be within the ANZECC 1998
Interim Ocean Disposal Guidelines screening levels (WBM 1996, 2000).
Hepatopancreas tissue samples from five Gladstone diseased, five non-diseased and
five Ayr female mud crabs collected in 2000 were analysed for butylin levels.
Although sample numbers were small and variation within groups of levels of
tributylin was high, there was no significant difference among the groups (df = 2,12 p
= 0.349). Levels of TBT in Gladstone ranged from <1 —238 ng Sn/g and in Ayr from
<1 — 58 ng Sn/g wet wgt’. As oysters are the preferred species for monitoring TBT
levels, little data exists on TBT levels in crustaceans. Kannan et al. (1995), however,
recorded 2200 ng Sn/g of TBT in Horseshoe crab (Tachyplues tridentatus)
hepatopancreas from Habu Bay, an industrial harbour in Japan. Levels of 115 ng Sn/g
were aso recorded from a crab from a more oceanic site (Hakata Bay). Total
hepatopancreas butylin concentrations from the 6 crabs sampled at each site ranged
from 570-5000 ng/g in Habu bay and 350-2270 ng/g in Hakata Bay. Therefore levels
of tributylin in mud crab hepatopancreas from Gladstone or Ayr do not appear to be
elevated in comparison to this study. Kannan et al. (1995) also did not record any
instances of shell disease in the crabs they studied.

The use of TBT-based antifouling paints on vessels under 25m has been banned in
Australia since 1989 and in some other countries prior to this date. As the half life of
TBT in seawater is relatively short (around 6hrs) (Batley 2000), it is possible that
levels of tributylin in mud crab hepatopancreas in 1994 at the time of the recorded

? Data obtained in collaboration with Mary-Anne Jones, CRC Masters student, CQU Rockhampton.
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appearance of rust spot shell disease, was much higher than levels recorded in 2000.
Port Curtis is a relatively new shipping harbour with a smal area of shipping
movement and possible contaminant area, relative to the total size of Port Curtis mud
crab habitat. Although TBT could be a contributing factor along with a range of
contaminants, which may be impacting on Gladstone mud crabs, it is not considered
to be adirect cause of rust spot shell disease.

Antimosquito agents — Two antimosquito agents have been recorded as causing
cuticular defects in crustaceans. Diflubenzuron caused shell lesions on regenerating
limb buds of the fiddler crab (Uca pugilator) (Weis et a 1987) and Methoprene at a
concentration of 10uM caused disruption in shell formation in the blue crab
(Callinectes sapidus) (Horst and Walker, 1999) in laboratory trials. Difluenzuron,
however, is not used in Australia. Although Methoprene was first used by the
Gladstone City Council in 1995 it is used infrequently and the low environmenta
concentrations are unlikely to cause the same effects as those seen in laboratory trials.

Conclusion

In order to define the epidemiology of he shell disease syndrome in
Gladstone, a case history highlighting factors included in the differential
diagnosis has been developed. Factors included infectious/non-infectious,
environmental, meteorological and contaminants. A number of these
factors are discussed in further Chapters.
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CHAPTER 3. The Prevalence of Shell Disease

Objectives: To define the prevalence and distribution of the disease in each age
group in Port Curtis and to determine if the same disease occursin other areas.

3.1 METHODS

3.1.1 Sampling- Adults

From October 1998 to April 1999 and December 1999 to April 2001 inclusive, 3008
adult (for the purpose of this study, crabs greater than 120mm carapace width) mud
crabs (Scylla serrata) from a number of locations in Queendand were examined for
the presence of cuticular lesions. Crabs were either caught by our research team using
baited standard mesh crab pots (Figure 3.1), or supplied by commercia fisherman.
Crabs were examined within 24 hours of capture and evaluated for the presence of
rust spot lesions. Examination included sexing and measuring the carapace width of a
sample of crabs from each site and recording details of any carapace lesions. Only
dorsal carapace lesions were recorded, as rust spots rarely involved the appendages,
abdomen or ventral thorax. Lesions were then graded according to size and colour and
whether they had perforated the surface of the cuticle. The distribution of lesions was
allocated to specific regions on the carapace in order to determine whether there was a
link between the areas in which lesions occurred and the underlying soft tissues.

Figure 3.1 Deployment of crab potsin Port Curtis

Seven sampling sites were established in Port Curtis for the 99/00 crab season (Figure
3.2). However, as no male crabs were caught at Site 6, this site was later disregarded.
Sites were chosen in order to establish whether the occurrence of lesions in different
areas of the harbour suggested anthropogenic effects on the prevalence of disease. The
sites were sampled in 2000 on at least two occasions in either December, March and
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June, to determine if there was a seasonal influence on the occurrence of crabs with
lesions. Results of the 1375 adult crabs caught in from Port Curtis 99/00 were then
compared statistically with the results from the 645 crabs examined in 98/99 and the
309 crabs examined in 2001. Mud crabs were also examined from Jacobs Well
(Moreton Bay) (n=249), Ayr (North Queendand) (n=101) (Figure 3.3) and Fitzroy R.
(Rockhampton)(n=329)(Figure 3.2).

3.1.2 Sampling- juveniles

In January and February 2000, 63 male and female juvenile and adolescent mud crabs
ranging from 12mm to 120mm carapace width were caught in upper estuarine
mangrove areas of Port Curtis, using baited mesh bait pots (Figure 3.4). Crabs were
examined at the site or within 24 hours of capture and processed as for the adult crabs
above.

Figure 3.4 Setting bait pots for juvenile mud crabs

Figure 3.3 East Queensland coast showing sampling locations for mud crabs. (Adapted from Mortimer
2000)

10
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3.1.3 Lesion grading system

The grading system developed to describe the gross severity of rust spot lesions is
outlined in Table 3.1. The system is based on the size of the lesion in terms of area
and whether the epicuticle had been perforated. The numbered areas of the carapace
to which lesions are allocated are depicted in Figure 3.5.

Table 3.1 Gross grading system for rust spot lesions in mud crabs.

Grade 1: Non Perforated < 5mm?2

Grade 2: Non Perforated > or = 5mm?2

Grade 3: Perforated cuticle (either partially or fully) < 5mm?2

Grade 4: Perforated cuticle (either partialy or fully) > or = 5mm2 & < 20mm?2
Grade 5: Perforated cuticle (either partially or fully) > or = 20mm2

Figure 3.5 Numbered areas of the mud crab carapace to which lesions are all ocated.

11111

11
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3.2 RESULTS

3.21 Leson prevalencein Port Curtis

The gender difference in prevaence of male and femae mud crabs with rust spot
lesions in Port Curtis 98/99 and 99/00 and 201 crab collections are presented in
Figure 3.6. There was a gender difference in the proportion of females with lesions
(23.7%) compared to males (9.9%) in 98/99 (Chi-squared (?°) = 18.4938, df = 1, p <
0.0001). However, lesions occurred in equal frequencies in females (13.1%)
compared to males (15.9%) in 99/00 (7 = 1.4245, df = 1, p = 0.2327). Although a
significantly lower proportion of total crabs had lesions in 99/00 (14.5%) compared
with 98/99 (18.3%) (?* = 4.0663, df = 1, p = 0.0437), the gender difference had
changed in 99/00 with a higher proportion of males with lesions in 99/00 (15.9%) than
in 98/99 (9.9%)(7* = 4.5492, df = 1, p = 0.0329). In contrast the proportion of females
with lesions in 99/00 (13.1%) decreased compared to 98/99 (23.7%) (7* = 16.6191, df
=1, p < 0.0001). Although there was a decrease in the proportion of diseased crabs
compared to non diseased in 2001 (10.2%) compared to 99/00 (14.5%), the decrease
was not significantly different (? = 1.756, df = 1, p = 0.185). There was, however, a
significant decrease in disease prevalence in 2001 compared to the 98/99 sampling (7
=6.974, df = 1, p = 0.008). The total prevalence of mud crabs with rust spot shell
lesions from Port Curtisis presented in Figure 3.7.

Figure 3.6 The Proportion of female diseased crabs compared to female non-diseased crabs and the
proportion of male diseased crabs compared to male non-diseased crabs in Port Curtis in 98/99, 99/00
and 2001 sampling occasions.
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Figure 3.7 The total prevalence of rust spot shell disease in Port Curtis over the three sampling
occasions as a percentage of the total number of crabs examined.
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The March 2000 data for lesion prevalence from the six different sites within Port
Curtis were compared to determine if the results suggested possible anthropogenic
influences on prevalence of lesions in the harbour. There was no difference in the
frequency of lesions at the different sites (7 = 8.7658, df = 5, p > 0.05). As there was
no site difference in the prevalence of lesions, the data were pooled for each time
period to determine if there was a seasonal influence on lesion prevalence. There was
a significant difference between time periods with a relatively higher prevalence of
disease in December and a relatively lower prevalence in June (7% = 13.2868, df = 2,
0.01> p > 0.001).

3.2.2 Lesion prevalencein other areas compared to Port Curtis

The prevalence of lesions in Fitzroy River and Jacobs Well sampled in March/April
2000 compared to the total prevalence in Port Curtis and Ayr for 98/00 is shown in
Figure 3.8. In comparing the total prevalence of disease for males and females in Port
Curtis in March 2000 to that of Fitzroy and Jacobs Well for the same period, there
was a significant difference between sites. There was a higher prevalence of disease at
Gladstone and Fitzroy and a lower prevalence of disease at Jacobs Well (7 = 10.2476,
df = 2, 0.001< p< 0.01). No diseased crabs were reported from Ayr.

13
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Figure 3.8. The prevalence of rust spot shell lesion in adult mud crabs in Port Curtis in 98/00 compared
to other areas sampled.
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3.2.3 Gradesof lesions

The bilateral symmetry of lesions on the dorsal carapace increased from 55% in 98/99
to 62.5% in 99/00. Although this increase was not significant at 2 =3.3983, df = 1, p
= 0.0653, it was suggestive of a trend to more symmetry in lesions in 99/00. The
results of lesion grading for 98/00 are presented in Table 3.2 and the percentages in
Table 3.3. In both years females had a lower frequency of grade one lesions (lesions <
5mn¥) than males and a higher frequency of grade two lesions (> or equal to 5mnt,
but often these lesions were between 30mm and 60 mm in length). There was little
difference between the sexes in the frequency of grade three to five lesions
(perforated). (98/99 — 7 = 10.7497, df = 1, p = 0.0046. 99/00 - 7 = 34.6124, df = 1,
p < 0.0001).

Table 3.2 The Grading of each rust spot lesions in male and female mud crabs and genders combined
from Port Curtisin 98/00. Total lesions are shown in the bottom row.

GRADE FEMALE MALE TOTAL
1 233 153 386
2 122 16 138
3-5
PERFORATED | 36 1 47
TOTAL
LESIONS 391 180 571
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Table 3.3 Grades of rust spot lesions expressed as a percentage in male and female and gender
combined mud crabs from Port Curtisin 98/00.
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3.24 Areasof the carapace

The areas of the carapace to which lesions were allocated are depicted in Figure 3.5.
As the frequency of lesions in area 8 was very low, this category was omitted from
statistical analyses. There was a gender difference in the areas of the shell affected by
lesions in both 98/99 and 99/00, with females having proportionally more lesions in
areas two and five and less lesions in area seven than males. Lesion distribution for
98/99 for both female and male mud crabs is presented in Figure 3.9 and 3.10
respectively (7 = 53.8538, df = 6, p < 0.0001).

Figure 3.9 Lesion distribution on the carapace of female mud crabs in 98/99
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Figure 3.10 Lesion distribution on the carapace of male mud crabsin 98/99.

3.25 Lesion frequency

The number of lesions per crab as a percentage of the total number of diseased crabs
for 98/99 is demonstrated in Figure 3.11. Two lesions affected the majority of crabs
and as mentioned previously, 55% of lesions were bilaterally symmetrical.

Figure 3.11. Number of lesions, (male and female combined) per crab, as a percentage of total diseased
crabsin 98/99.
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3.3 DISCUSSION

3.3.1 Lesion prevalence

The prevalence of rust spot shell lesions in mud crabs sampled in 2001 was
significantly lower than those sampled in 98/99 and indicates a possible trend of
decreasing disease prevalence in Port Curtis. The decrease in prevalence was not,
however, significantly different in 2001 compared to 99/00. As the disease grading
system was developed and refined over the 98/99 sampling period, it is possible that
the prevalence in this year may have been dightly exaggerated due to the inclusion of
wounds/other lesions as rust spot lesions, which were not included in successive
years. Observations drawn from the examination of dried diseased crab carapaces that
were collected in 1996 and stored, however, suggest that the prevalence was much
higher in that year around when the syndrome was first noticed. Although it would
appear that the prevalence of rust spot lesions in Port Curtis could be decreasing,
interpretation of results should be treated with caution. Further sampling should be
repeated in future years to establish any trends.

It is not surprising that rust spot lesions occur in mud crabs from other areas, as rust
spot lesions are a symptom of perhaps multifactorial causes. In a sample of 29
juvenile mud crabs from an aquaculture centre, 18 had what appeared to be rust spot
lesions. Subsequent histology determined that these lesions were most likely caused
by a bacterial infection. In fact any damage to epidermal cells underlying the carapace
will cause arust coloured change to the carapace above. This effect was demonstrated
when the epidermal cells above the gill chamber in a number of juvenile mud aabs
was removed by scraping with a hypodermic needle. Within 24 hours a rust spot had
developed on the overlying carapace. A similar effect was observed in 14 of 27 mud
crabs obtained from Darwin, N.T. Lesions in this case were most likely due to
mishandling and the prolonged time the crabs were kept out of the water. Any
disruption to the cytoplasmic extensions of epidermal cells into the carapace, are a
potential cause of rust spot lesions.

The prevalence of classic shell disease usualy related to mechanical damage in most
inshore crustacean populations is thought to be at a background level of less than 5%
(Sindermann1989b). The results pose the question of why there is an increased
prevalence of lesions in Port Curtis crabs compared to crabs from other areas. The
similarly high prevalence of lesions in Fitzroy crabs may be because the individuals
from these two locations belong to the same population, between which there is
considerable migration. Hyland et al. (1984) determined that apart from an offshore
spawning migration by females, there was very little free ranging type movement of
mud crabs once post larval recruitment into an area had occurred. Furthermore, the
mean female movement (6.6km) was significantly more than that of the males
(3.7km) of the Moreton Bay mud crabs they studied. Some female crabs however,
were recorded moving up to 65km. The average distance between sites in our study
was less than 5km. As there was no intra-site difference in the prevalence of lesions
within Port Curtis or the Fitzroy River, it is possible that the Fitzroy/Port Curtis mud
crabs belong to one large population and that mixing of crabs from the two areas
occurs via The Narrows, a mangrove habitat adjoining the two water bodies. Similar
metal burdens have been found in female crabs from both areas, also suggesting that
both groups of crabs belong to a common population.
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Other researchers have reported gender differences in the prevalence of shell disease
in crabs (Baross et al. 1978, Comely and Ansell 1989, Sawyer 1991, Guerin 1996).
However, only Baross et al. (1978) have suggested a reason, namely that the increased
prevalence in Chionoecetes tanneri adult females was due partly to females ceasing to
moult after their pubertal moult. In contrast, however, the pubertal moult in the female
mud crab is not necessarily the terminal moult (Heasman 1980). The change in gender
prevalence of the disease from 98/99 to 99/00 cannot be explained at this stage, but its
significance might become more apparent with repeated samplings. The higher
prevalence of lesions in the warmer months could possibly be related to the increase
in moulting activity that also occurs during this time, as lesions are known to form in
the post moult period.

None of the wild caught juveniles examined had rust spot lesions. A number of factors
apart from sexual maturity separate the adult mud crab from the juvenile mud crab
including diet and habitat. Hill et a. (1982) reported that juveniles tended to reside in
the mangrove zone, whereas adults were caught mainly in the deeper sub tidal area.
Sub adults however, migrated into the intertidal zone to feed at high tide but retreated
to sub tidal waters a low tide. The different habitats and foraging requirements
occupied by each age group would suggest a disparate manner of existence and
perhaps therefore different susceptibilities to disease agents. Larger adult and
therefore older crabs will also have had longer exposure to the environment and
various causal agents and this could be one explanation for the higher prevalence of
shell disease in adults compared to juveniles.

3.3.2 Lesion severity

The high symmetry of lesions is not surprising, as histology has shown that lesions are
predominantly associated with carapace muscle attachments, which are bilaterally
symmetrical. Results show that the majority of lesions in femaes are larger than
males and are located in a different area of the carapace to males. Most of the lesions
in males are less than 5mm in diameter and occur in area 7. It is our opinion that most
of the lesions in this area in both male and female crabs are possibly caused by natural
trauma (i.e. dorsoventral compression due to a burrowing lifestyle) to the carapace
epidermal cells due to impaction of the chitinous internal gill partition on the cells in
this area. If area 7 lesions are disregarded very few lesions remain in male crabs. In
contrast, the predominant areas affected by lesions in female crabs are areas 5 and 2.
These areas coincide with underlying ovarian tissue and in some cases numerous rust
spots coalesce to form a “T” zone on the carapace of femae crabs, mirroring the
outline of ovarian tissue. As lesions are restricted only to adult crabs, it is possible that
there is a relationship between occurrence of lesions in this area and the onset of
active ovaries brought on by the pubertal mouilt.

Non-perforated rust spots become indistinguishable once the crab is cooked. Lesions
are aso restricted to the shell, which is discarded in most cases prior to consumption.
Perforated lesions, which are likely to downgrade saleability of mud crabs, accounted
for less than 10% of affected crabs in 98-00 and therefore less than 2% of the total
mud crab population in Port Curtis. As male crabs are the only gender marketed
commercialy in Queensland, it is therefore unlikely that marketability has been
affected by the presence of rust spot lesions.
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Conclusion

Over 3000 mud crabs from a number of locations in Queensand were
examined for the presence of rust spot lesions between 1998 and 2001. A
lesion grading system was designed to assist in accurately documenting the
area of the shell affected and the severity of lesions. Although there were
some gender differences in the prevalence of shell lesions in some years these
were not consistent. The areas of the shell affected by lesions was, however,
significantly different in males compared to females. Rust spot shell lesions
did not affect juvenile mud crabs from Port Curtis. Although rust spot shell
lesions were present in some other locations sampled outside Port Curtis, the
prevalence was significantly lower than in Port Curtis. The prevalence of
disease was, however, similar in crabs sampled from the adjacent Fitzroy
River. There also appears to be a trend of decreasing disease prevalence in
Port Curtis. Future sampling, however, would be required to confirm this
trend. As less than 1% of the crabs marketed or consumed from Port Curtis
have perforated lesions, it is unlikely that marketability has been affected by
the presence of rust spot lesions.
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CHAPTER 4. Shell Lesion Pathology

Objective: Define the histological stages of the lesion by developing a pathological
sequence of events.

41 INTRODUCTION

The cuticle of normal intermoult crabs consists of an outer epicuticle, an exocuticle,
an endocuticle and an epidermis (Johnson 1980) depicted in (figure 4.1). When the
crab moults, the new shell is soft and consists of an epicuticle, an as yet uncalcified
exocuticle and an epidermis. During the post moult period synthesis of the
endocuticle and mineralisation of all calcified layers occurs. In previous reports of
shell disease, the lesions frequently develop after a breach in the epicuticle has
occurred and then progress to erosion or full cuticular ulceration (Sindermann 1989b)
(figure 4.2). Damage to the epicuticle, a shellac-like cement layer (Smolowitz et al.
1992), allows access by chitinolytic and lipolytic pathogens that are able to digest the
chitin based exocuticle layer and in severe cases the endocuticle also.

Figure 4.1 A generalized view of the crustacean cuticle.
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Figure 4.2 Homarus americanus. Classic shell lesion in the American lobster. There is erosion into the
exocuticle (A), thickened membranous layer (B), mildly hypertrophic epithelium (C) and a focus of
inflammatory cell accumulation (D). The calcified endocuticle remainsintact (arrow).

Adapted from Smolowitz et al. 1992

In contrast, we describe a shell disease of mud crabs in which the initial lesion
appears in the endocuticle while the outer exocuticle and epicuticle remain intact.

42 METHODS

4.2.1 Sampling and histopathology

Diseased mud crabs were captured, examined and graded as described in Chapter
3.1.1. Sixty crabs with various grades of rust spot lesions were selected for pathology.
Although animal ethics approval is not required at present for invertebrates, the crabs
were always handled in a humane manner and were sedated in a cold room at 62C for
approximately one hour prior to necropsy. Samples of the shell lesions, eyestalks,
heart, gills, hepatopancreas, haematopoietic tissue, stomach, oesophagus, midgut,
cerebral and thoracic ganglia, antennal gland, gonad, posterior midgut caecum,
midgut ampulla and skeleta muscle were placed in fixative. The calcified tissues
were placed in Davidson's solution and non-calcified tissues were placed in 10%
formalin/seawater. The fixed and decalcified tissues were cut, blocked and stained
with haematoxylin and eosin according to standard procedures. To establish whether
the carapace lesions originated internally or externally, 5?m seria sections of eight
non-perforated lesions (including small, medium and large lesions) were cut and
every 15™ section examined histologically. The tissues from a sample of 30 mud crabs
without rust spot lesions and collected from throughout northern Australia, were used
as a reference. Special stains for bacteria and fungi were performed on selected
specimens.
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4.3 RESULTS

431 Histopathology of a typical lesion

A majority of the following features was seen in each rust spot lesion. An elongated
cavity, parallel to the surface of the cuticle was present in the outer endocuticle
adjacent to the exocuticle (figures 4.3, 4.4). This cavity usually had a darkened edge
and contained a pale-staining amorphous material. Within this cavity, the remains of
adhesive epithelium (Johnson 1980) that facilitate attachment of the adjacent muscle
bundle were occasionally present (figure 4.5). There were no foci of either bacteria or
fungi. Foximal to the endocuticular cavity, the laminated endocuticle was usually
indented (folded inwards) towards the muscle to which it had formerly attached. The
muscle fibres adjacent to the attachment were replaced by fibrous connective tissue
for a variable length from the point of attachment to the carapace. This fibrous tissue
often contained foci of inflammatory cells. Islands of endocuticle-like material were
often found within this connective tissue (figure 4.6).

In addition to the above characteristics of a rust spot lesion, those in area 7 had some
additional features (figure 4.7). The calcified bilateral internal cuticular partition,
which separates the gill and heart chambers, was often damaged adjacent to its
association with the internal surface of the dorsal carapace. The epidermis and
adjacent membranous layer of the overlying carapace were often missing or had
separated from the ventral surface of the carapace. The adjacent hypodermal tissue
was frequently inflamed. An elongated cavity parallel to the surface of the carapace
was freguently present in the endocuticle. The epidermal cells adjacent to the lesion
were often hypertrophic. From an examination of a series of sections from 8 lesions
from 4 crabs, there was no evidence that the rust spot lesions had originated from the
exterior via an erosion of the epi- and exocuticular layers of the carapace.

4.3.2 Histopathology of internal organs

Of the 60 crabs with rust spot lesions chosen for histopathological examination, small
granulomas or focal inflammation were seen in the following tissues (numbers of
affected crabs in brackets): eyes (3), heart (19), gills (11), hepatopancreas (3),
stomach (1), midgut/rectum (5), posterior caecum (2), antennal gland (1) and urinary
bladder (2). Sloughed cells were seen in the lumen of the antenna gland (1);
Helminth parasites (intermediate stage of a tapeworm/fluke) were present in the
connective tissue adjacent to the thoracic ganglion (11); baculovirus-like inclusions
were present in the hepatopancreas (7); amorphous material was seen in the lumen of
the antennal gland (19) and in the lumen of the urinary bladder (1). The reference
group of 30 crabs had similar numbers of small granulomas, focal inflammation,
baculovirus-like inclusions, helminth parasite infestations and amorphous material in
the lumen of the tubules of the antennal gland, to those of the rust spot crabs.
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Figure 4.3 Scylla serrata. A mild rust spot carapace lesion (area 2). Thereisasmall cavity (CV) inthe
upper endocuticle (EN). Scale bar 126 ?m.

Figure 4.4 Scylla serrata. A severe rust spot carapace lesion (area 2). There is a large cavity (CV) in
the upper endocuticle; the lower endocuticle is indented (IN); fibrous connective tissue (FB); muscle
tissue (MS). Scale bar = 126 ?m
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Figure 4.5 Scylla serrata. A severe rust spot carapace lesion to show the remaining muscle adhesive
epithelium (AD) present in the cavity (CV) in the upper endocuticle (EN). Scale bar 126 ?m

Figure 4.6 Scylla serrata. Anisland of endocuticle (IS) is present in the fibrous connective tissue (FB)
between the endocuticle (EN) and the attached muscle (MS) of a severe rust spot carapace lesion (area

2). Scalebar =126?m.
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Figure 4.7 Scylla serrata. A moderately sized cavity (CV) in the endocuticle (EN) of the carapace
(area 7) above damaged epidermis (EP) and an internal cuticular partition (PT). Scale bar = 212?m.

4.4 DISCUSSION

The pathology of nonperforated rust spot lesions in mud crabs harvested from
Gladstone harbour is restricted to the endocuticle and the adjacent muscle attachment.
It is distinctly different to previously described shell disease (Rosen 1967, Baross et
al. 1978, Morado et al 1988, Comely and Ansell 1989, Smolowitz et al. 1992, Noga et
al 2000) in other crustacea where the initia action is an erosion of the exocuticle
resulting in eventual exposure of the endocuticle to the external environment.
Although some have suggested a possible systemic pathway for the initiation of shell
disease (Comely and Ansell 1989, Smolowitz et al. 1992), a widely held view is that
crustacean shell disease is caused by ubiquitous, chitinolytic, microorganisms acting
alone or in concert (Sindermann 1989a). Others have suggested that an impaired host
defence is an important contributing cause (Prince et a. 1993, Noga et al.1996b).
Sequential sections of non-perforated rust spot lesions of mud crabs, however, have
demonstrated that it is unlikely that chitinoclastic pathogens had gained entry into the
endocuticle via erosions of the epicuticle and exocuticle. Cuticular pores have also
been suggested as portals of entry for bacteria and other microorganisms in bbsters
(Homarus americanus) (Prince et a. 1993). However, the lack of any foci of bacteria
or fungi in our nonperforated rust spot lesions suggests a different aetiology.
Furthermore, from an examination of the internal organs, the lack of any evidence of
an infectious or parasitic agent being associated with the lesions suggests that the
likely cause is noninfectious. Since the endocuticular layer is formed in the post
moult phase of the moult cycle (Travis 1957), it would appear that the lesions occur
due to a defect in the formation of this endocuticular layer rather than as a result of
pathogenic cuticular erosion.

25



FRDC Final Report Port Curtis Mud Crab Shell Disease

We suggest the following hypothesis to explain the pathogenesis of rust spot lesions.
At ecdysis, approximately 90% of the whole body calcium is lost with the exuviae
(Scott-Fordsmand and Depledge 1997). After moulting, when the endocuticle is being
laid down, arapid active uptake of calcium occurs from the environment (Greenaway
1985) allowing cuticular calcification to take place. Interference with this process of
calcification could prevent the uncalcified endocuticle from attaining the necessary
strength to support the forces exerted by the muscle insertions. Premature contraction
of these muscles would cause either (1) the non-calcified endocuticle to rupture
between the laminations which run parallel to the surface of the carapace or (2) the
adhesive epithelium of the muscle attachment to tear away from the partially calcified
endocuticle. These processes could produce a cavity in the endocuticle or one beneath
the endocuticle, with some of the adhesive epithelial cells of the muscle attachment
sometimes remaining in the latter cases. The dislocated epidermis would continue to
produce more layers of endocuticle proximal to the cavity. Local repair mechanisms
including inflammation and fibrous tissue replacement would occur in an attempt to
heal the muscle adjacent to the endocuticle. Islands of endocuticle may be formed in
this fibrous tissue from segments of torn and dislocated epidermis that have folded in
on them selves and have continued to produce endocuticle. Once a cavity has formed
in the endocuticle, or the epidermis has been pulled from the endocuticular surface,
the pore canals containing cytoplasmic extensions of the epidermis, which extend into
the overlying cuticular layers (Roer and Dilliman 1984) are severed. The cuticle
exterior to the cavity ‘dies’ and assumes a rust-coloured appearance.

In conclusion, our findings indicate that rust spot lesions are part of a new type of
shell disease with a unigue histology compared to previously reported cases of shell
disease. Although the epidemiology is still not completely understood, the hypothesis
incorporating the possibility that inhibition of calcium uptake is a contributing factor
to the development of lesions, is discussed in Chapter 8. A paper has been published
on the pathology of the unique histological lesions and a reprint is included in
Appendix 3.

Conclusion

Over 60 mud crabs with rust spot lesions were chosen for histopathological
examination and the results compared to a reference group of 30 non-diseased
mud crabs. There was no evidence of an infectious or parasitic agent of
significance being associated with any internal organ of the rust spot crabs.
The pathology of the rust spot lesions is restricted to the endocuticle layer
(interna shell layer) and adjacent muscle attachment. As the endocuticular
layer is formed in the post moult phase i.e. after the crab has moulted, it
appears that the lesions are caused by a defect in the manufacturing of this
layer, while the crab is in the process of calcifying its shell. Thisisin contrast
to previously reported shell disease in other crustaceans, where the pathology
is an external erosion of the shell, which may be @used by pathogenic
organisms.
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CHAPTER 5. Transmission Experiments

Objective 3: If an infectious agent is isolated/identified, determine its ability to cross
infect to other species of crustaceans.

51 METHODS

511 Inoculation trial: sand crabs

Aim: To determine if the tissues of Gladstone crabs with rust spot carapace lesions
could transmit this disease to sand crabs (Portunus pelagicus).

Groups of juvenile sand crabs P. pelagicus (4 to 6 cm shell width) were inoculated
into the haemocoele with 0.2 ml of a homogenate of either epidermis, hepatopancresas,
gill or normal saline. The material for each inoculum was prepared from tissues from
two Gladstone mud crabs with rust spot lesions, was passed through a 0.2?m filter.
Each crab was kept in a separate glass aquarium (minimum volume 20 itres) with
aeration and a biological filtering system. The crabs were fed a diet of squid and
mullet every 3 days. All wastes were removed dailly. Water changes were made
between every second to seventh day when the nitrite concentration reached 1 ppm.
Four weeks after inoculation, the crabs were examined grossy, necropsied and
histopathology done. Tissues examined included eyes, epidermis, heart, gills,
hepatopancreas, stomach, caeca, central nervous system, antennal gland, hindgut,
skeletal muscle and haematopoietic tissue.

5.1.2 Inoculation trial: marine prawns

Aim: To determine if the tissues of Gladstone crabs with rust spot carapace lesions
could transmit this disease to marine prawns (Penaeus monodon).

30 marine prawns P. monodon were divided equally into five groups and each
inoculated intramuscularly with 0.1 ml of a homogenate of epidermis,
hepatopancreas, gill or normal saline (controls). Pooled tissues for each inoculum
obtained from two Gladstone mud crabs with rust spot carapace lesions, were passed
through a 0.2?m filter. Each group of 6 prawns was kept in a glass aquarium with a
minimum volume of 50 litres with its own biological filter and aeration system. The
prawns were fed prawn pellets twice a day and wastes were removed daily. Water
quality was monitored regularly and the water was changed if the nitrite concentration
reached 1ppm. Four weeks after inoculation, the prawns were examined grossly,
fixed in Davidson's solution and processed for histopathology. Tissues examined
included heart, gills, antennal gland, central nervous system, eye, hepatopancreas,
midgut, caeca, stomach, epidermis, lymphoid organ and skeletal muscle.
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51.3 I noculation trial: mud crabs

Aim: To determine if the tissues of Gladstone crabs with rust spot carapace lesions
could transmit this disease to mud crabs (Scylla serrata).

Four groups of eight juvenile mud crabs S. serrata (20 to 30 mm shell width) were
inoculated into the haemocoele with 0.1 ml of a homogenate which had been passed
through a0.2?m filter, prepared from tissues from two Gladstone mud crabs with rust
oot lesions. Each treatment group was inoculated either with epidermis,
hepatopancress, gill or norma saline (controls). Each crab was kept in a separate
glass aguarium (minimum volume 20 litres) with aeration and a biological filtering
system. All crabs were fed a diet of squid and mullet every three days and all wastes
were removed daily. Water changes were made every two to seven days or whenever
the nitrite concentration reached 1 ppm. Four weeks after inoculation, the crabs were
examined grossly, necropsied and histopathology performed. Tissues examined
included eyes, epidermis, heart, gills, hepatopancreas, stomach, caeca, central nervous
system, antennal gland, hindgut, skeletal muscle and haematopoietic tissue.

514 Water transmission trial; adult mud crabs

Aim: To determineif rust spot lesions can be induced in unaffected adult mud crabs
(Scylla serrata) by exposure to Gladstone water .

Adult intermoult crabs (8 males and 2 females, carapace width 145mm to 180mm)
from a pristine area (Eurimbula National Park-Agnes Water) showing no gross
carapace lesions, were selected for the trial. Crabs were divided equally into two
treatment groups.

1. Gladstone Harbour water, obtained on an ebb tide from an area where diseased
crabs have been regularly caught (treatment).

2. Combination ocean water from outside the harbour and artificial seawater
(contral).

Crabs were kept individualy in 10 randomly placed separate aquaria, each with its
own biological filtering system. Prior to the experiment each individua was
measured, weighed and blood samples were taken. Crabs were fed daily on a mixed
diet of prawns, Moreton Bay bug heads, squid and white pilchards. Solid wastes were
removed daily. The water temperature, nitrite, ammonia, pH, salinity and dissolved
oxygen were recorded weekly and the water in each aquarium partialy changed if
required. After five weeks crabs were examined for lesions, necropsied and tissue and
blood samples preserved for later use.
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515 Water transmission trial: juvenile mud crabs

Aim: To determine if rust spot lesions can be induced in unaffected juvenile mud
crabs (Scylla serrata) by exposure to Gladstone water.

As histology had demonstrated that rust spot lesions form in the post moult phase, the
trial was repeated with juvenile mud crabs, which have a short intermoult period (5 -
14 days). These crabs were likely to moult several times during the 12-week
experiment, compared to adults in which the time between moults spans ®vera
months to over a year. Juvenile mud crabs (48) were obtained from Darwin
Aquaculture Centre (sex undetermined, carapace width 11-18mm) and were randomly
allocated to the two treatment groups:

1. Gladstone harbour water, obtained on an ebb tide from an area where rust spot
crabs have been regularly caught (8 replicate tanks).

2. Control water, a combination of ocean water from outside the harbour and
artificial seawater (8 replicate tanks).

Twenty-four crabs, subdivided into eight groups of three, were used in each treatment.
Each replicate consisted of three crabs individually caged in plastic containers
suspended within an aquarium with its own biological filtering system (min. vol. 60
[)(Figure 5.1) in a temperature-controlled room. Crabs were fed prawns, white
pilchards or squid daily and wastes were removed daily. When crabs reached a
carapace depth of 15mm their plastic container was exchanged for a larger mesh sided
cage suspended in the same aquarium to improve aeration. Crabs were examined
weekly under a dissecting microscope for the presence of gross shell lesions and also
weighed. If the crab had moulted since the last examination, the new carapace width
and depth was recorded. The temperature, nitrite, ammonia, pH, salinity and dissolved
oxygen were recorded weekly and the water in each aquarium was partially changed
if required. After 12 weeks al remaining crabs were examined for evidence of rust
spot shell lesions.

Figure 5.1 Juvenile mud crab used in transmission trials (A). Plastic containers (B) and mesh sided
containers (C) used to house mud crabs, floating in aerated aguarium.

5.2 RESULTS

521 Inoculation trial: sand crabs

One of the control crabs died from an aeration failure and one of the epidermis group
crabs died of undetermined causes. No shell lesions were recorded and no significant
lesions were seen in any of the tissues.

522 Inoculation trial: marine prawns

The number of prawns that died or were cannibalised in each treatment group was
small (Table 5.1). No gross shell lesions were recorded and no significant
histopathological lesions were found.

Table 5.1 Number of surviving prawns in a four-week inoculation tria involving young adult marine
prawns Penaeus monodon i nocul ated with tissues from Gladstone rust spot mud crabs.
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I noculated Tank No No. of No. of Total
Material Prawns Prawns Surviving
Inoculated | Necropsied | Prawns/
After Group
4 Weeks
Control 36 6 5
(normal saline) 39 6 5
43 6 6 28
46 6 6
50 6 6
Epidermis 38 6 6
40 6 6
42 6 5 27
52 6 5
49 6 5
Gill 33 6 6
37 6 6
47 6 6 30
v\ 6 6
51 6 6
Hepatopancreas 4 6 4
35 6 5
41 6 5 25
45 6 5
48 6 6
5.2.3 Inoculation trial: mud crabs

None of the 32 mud crabs exhibited rust spot shell lesions and none died. No other
significant lesion was seen in any of the tissues.

524 Water transmission trial: adult mud crabs

One control crab died of undetermined causes after 24hrs, another control crab died
while escaping and a third control crab died after filter failure, four weeks into the
experiment. No gross rust spot shell lesions were observed in either the treatment or
control groups.

525 Water transmission trial: juvenile mud crabs

Three crabs died when aguarium aeration failed, three died of undetermined causes
within the first few days of the experiment and one died of moult death syndrome
(MDYS). There was no evidence of rust spot lesions in crabs from either the treatment
or the control group.
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5.3 DISCUSSION

From our experiments and our pathological examination there is no evidence to
suggest that mud crabs with rust spot disease contain a virus or virus-like organism
capable of transmitting this disease to sand crabs, marine prawns, juvenile or adult
mud crabs. Failure to reproduce rust spot lesions in unaffected mud crabs and other
crustacean species by transmission experiments also suggests a non-viral cause of this
disease. From the examination of non-perforated lesions and internal organs of
diseased crabs, the lack of any evidence of an infectious (i.e. bacterial or fungal) or
parasitic agent would tend to suggest that the likely cause is non-infectious.

Shell disease in other crustaceans has been associated with many infectious agents
(Sindermann 1989a), with the majority of cases being linked to various bacteria,
primarily the genera Vibrio and Pseudomonas (Cook and Lofton 1973, Borkowski
and Bullis 1989, Prince et al 1993). Some authors have had some limited success in
the experimental transmission of bacterial (Malloy 1978) and fungal (Alderman 1981)
shell disease through inoculation trials. Demonstration of a shell “infection,”
however, requires that one identify pathogens that are unique to shell disease or at
least are in greater numbers in diseased animals (Noga 1991). As the normal
crustacean carapace is heavily colonized with ubiquitous microbes (Baross et al 1978,
Noga et a 2000) and there has been little quantitative work to compare relative
numbers of pathogens present in diseased compared to nondiseased animals (Noga
1991), it isunlikely that the cause of classic shell disease in other crustaceansis solely
microbiological.

The unique histology of rust spot shell disease strongly suggests that the prime cause
is not microbiological (Chapter 4.) Therefore it is not surprising that rust spot shell
disease was not able to be reproduced in these transmission trials. It is likely,
however, that in perforated shell lesions, pathogenic microorganisms may become
secondary invaders. In conclusion it appears that there is negligible risk of cross
infection from crabs with rust spot shell lesions to other crustacean species.

Conclusion

Cross infection experiments were conducted in an attempt to transmit rust spot
shell disease to other mud crabs, sand crabs and prawns. In water transmission
trials, adult and juvenile mud crabs were exposed to Gladstone Harbour water.
In inoculation trials, processed tissue from diseased mud crabs was injected
into juvenile mud crabs, sand crabs and prawns. None of the treatment groups
developed rust spot lesions and after subsequent pathology, no significant
lesions were seen in any of the tissues examined. It appears that rust spot
lesions do not contain a virus or virus-like organism capable of transmitting
the disease to other mud crabs or crustaceans. It is probable that the cause of
rust spot shell lesions is nontinfectious.
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CHAPTER 6. Moulting Experiments

Objective 1. Determine if affected crabs are able to moult and therefore mate
successfully by experimentally observing diseased male and female crabs. Determine
if the crab can shed the ulcerations, during a moult. Isthere a healing stage?

6.1 INTRODUCTION

Rust spot carapace lesions whether non-perforated or perforated, have the potentia to
inhibit the moult process by causing adhesions, which could prevent the exuviae from
being shed. In classic shell disease, adhesions tave been known to prevent ecdysis
(Sindermann 1989a). Large calcareous outcrops are often present on the ventral
surface of the carapace underlying most non-perforated rust spots. Once ulceration
has occurred, the epithelium is destroyed/lost and the potential for production of the
new carapace doubtful. As moulting is required for mud crabs to grow and also to
reproduce (mating only occurs while the female is in the soft post moult phase), the
ability of diseased crabs to shed lesions during a moult was investigated.

6.2 METHODS

Over the course of the project eight diseased adult mud crabs from Port Curtis, with
various grades of lesions were kept in individual 60 | aquaria, each with its own
biological filtering system and fed on prawns, pilchards and bivalves. Crabs were
sexed and weighed and lesions recorded both photographically and diagrammatically
on commencement of the experiment using the previously developed grading system
(Chapter 3). Crabs that moulted were kept and observed over the post moult period
and changes in previous lesions recorded over time. Observations were also made for
the appearance of new lesions. A number of observations were also recorded from 29
pond-reared juveniles obtained from an aquaculture centre, which were kept in similar
conditions and observed over an eight-week period.

6.3 RESULTS
The results of the moulting trials are presented on a case-by-case basis.

6.3.1 Casel

Case 1 was a male crab, 115mm carapace width with three perforated lesions (figure
6.1). Case 1 moulted 9 weeks after being placed in captivity and was seen to heal all
three lesions to some extent (figure 6.2). The new carapace width measured within
24hrs was 130mm. In the proceeding five days post moult, however, case 1 developed
anumber of new rust spot lesions (figure 6.3).

6.3.2 Case?2

Case 2 was a male approximately 150mm carapace width, with three lesions, one of
which was quite severe (figure 6.4). Case 2 was also missing eight limbs, but moulted
eleven weeks into captivity, healing old lesions and regenerating new limbs (figure
6.5). New lesions, however, developed post moult.
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Figure 6.1 Case 1, 29/1/99 prior to moulting showing three separate perforated lesions (numbered).
Lesion description Case 1

3
Lesion No. |Areaof shell |Grade Comment
1 3 3 Large area of exposed endocuticle
2 3 5 Perforated rust spot
2 3 1 3 Ulcerated, deformed orbit
1
Figure 6.2 Case 1 8/4/99, one day post moult showing healing of all three lesions and development of a new
lesion (4).
3 Lesion No. |Areaof shell |Grade |Comment
1 3 3 New shell reduced deficit
2 3 5 New shell almost closed deficit
) 4 3 1 3 Closure of deficit but still deformed
New
1 4 6 N/A  [New raised blister
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Figure 6.3 Case 1, 13/4/99, five days post moult, showing development of a number of new

lesions.
Lesion No. [Areaof shell|Grade |Comment
1 3 3 |Nochange since 8/4/99
2 3 5 |No change since 8/4/99
3 1 3 |Nochange since 8/4/99
New
1 7 8 4 6 N/A |No change since 8/4/99
5 2 1 |Rust spot
10 6 6 2 |Rust spot
9 11 7 7 1  |Rust spot
8 7 1 |Rust spot
9 3 1 |Rust spot
10 4 2 |Rust spot
11 4 1 |Rust spot

Figure 6.4 Case 2 (taken 25/1/99), premoult. The main feature is the large cuticular deficit
exposing underlying necrotic gill filaments. There is a large crack in the adjacent cuticle. Note
the growth of new limb buds.

Lesion
No. Areaof shell|(Grade [Comment
1 7 1 |Rust spot
2 7 1 [Rust spot
3 3 5 |Largeshell deficit exposing necrotic
gills, large crack running anteriorly
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Figure 6.6 Case 2, four weeks post moult (10/3/99). New blisters have developed into rust spotsand thenew  edge has calcified.

Figure 6.5 Case 2 one-day post moult. Two new blisters have developed (lesion 4 and 5). The

main